Abstract Between 1989 and 2000, 16 patients underwent surgery for tarsal tunnel syndrome; 12 patients (13 feet) were available for follow-up at a mean of 83 (12-143) months. The symptoms had resolved in six feet, were improved in four, were unchanged in two and recurred after five years in one. Better results are obtained in patients who have space occupying lesions than in those in whom the aetiology is idiopathic or post-traumatic or those with foot deformities.
Introduction
Tarsal tunnel syndrome (TTS) is an entrapment neuropathy of the posterior tibial nerve and its branches within the tunnel formed by the flexor retinaculum. It was first described by Kopell and Thompson [11] in 1960. The term "Tarsal Tunnel Syndrome" was first used independently by Keck [10] and Lam [12] in 1962. The syndrome may be idiopathic or secondary to direct pressure from space-occupying lesions, adhesions following trauma, inflammatory causes or deformities of the foot [1, 2, 21, 24, 26, 28, 30] .
Onset of symptoms is usually insidious. Patients usually complain of burning pain and numbness, especially on the medial plantar aspect of the foot, in the area served by the affected nerve [18, 30] . Tinel's sign is usually positive [3, 20, 27] . There may be night pain and cramps in the longitudinal arch. Symptoms are related to exercise and maximal at the end of the day [14, 21, 30] . Diagnosis is made from the history, physical examination and nerve conduction studies. Normal nerve conduction studies, however, may not exclude an entrapment neuropathy [5, 7, 9, 19, 22] . In this study, we aimed to assess the factors that affect the outcomes of surgically treated TTS patients, such as different aetiologies, duration of symptoms etc..
Patients and methods
Of 16 patients with TTS who underwent surgery, 12, (13 feet) were available for review at a mean follow-up of 83 (12-143) months. There were nine women and three men, with a mean age of 39.5 (25-57) years and a mean duration of symptoms of 31.9 (2-240) months. In six patients the right foot was involved, five the left and both in one. Tinel's sign was positive pre-operatively in 12 feet and doubtful in one. All pre-operative EMGs, except for one, were consistent with a diagnosis of TTS. The findings were positive for the medial plantar nerve in four feet and for both plantar nerves in eight. There were significant foot deformities in five cases, three of which had pes planus, one splayfoot and one calcaneal fracture. Atrophy and weakness of the plantar muscles was found in one case, whose symptoms were chronic (20 years). The symptoms were related to exercise in eight patients. Those who did not have a space-occupying lesion received conservative treatment initially and surgery was undertaken in those who did not respond. The demographic data of the patients are shown in Table 1 .
Although there was no pre-operative assessment, all patients were assessed at the final follow-up using the rating system of Takakura et al. [27] (Table 2 ). According to this system patients with 10 points were considered excellent, 8-9 good, 6-7 fair and 5 or less poor. cose vein in one, a neurilemmoma of the medial plantar nerve in two and a combination of a ganglion and hindfoot pathology in one. In four cases there was a ganglion in the tarsal tunnel; one arose from flexor digitorum communis, one from tibialis posterior and the origin could not be identified in two (Fig. 1) . Symptoms resolved completely in six feet, improved in four, were unchanged in two and recurred after 5 years in one.
According to the rating system of Takakura et al. [27] , there were excellent results in three feet, good results in six, fair results in two and poor results in two. Of six cases, with a mean pre-operative duration of symptoms of 52.3 months, two were being treated with a diagnosis of a prolapsed intervertebral disc, three tendonitis and one plantar fasciitis. After decompression there were excellent results in two cases and good results in four. In the five cases with significant foot deformities (three pes planus, one splayfoot and one calcaneal fracture), there were good results in three, fair in one and a recurrence in one.
There were associated symptoms in four cases; one carpal tunnel syndrome (CTS), one combined carpal and cubital tunnel syndrome, one cervical spondylosis and one lumbar radiculopathy. There were good results in two cases with CTS and cervical spondylosis, a fair result in the case with combined carpal and cubital tunnel syndrome and a poor result in the case with lumbar radiculopathy. The ratings at follow-up are shown in Table 3 .
Discussion
Tarsal tunnel syndrome is an entrapment neuropathy of the posterior tibial nerve and its branches in the tunnel formed by the flexor retinaculum. Symptoms include pain, numbness and weakness of the toes. Night pain as been reported and different aetiologies proposed [1, 4, 15, 17, 23, 29] . It is thought that night pain occurs in cases with hindfoot deformities, as altered foot posture causes tethering of the nerve [15, 29] . Others have proposed that night pain is caused by either venous congestion or "double crush" [4, 23] . No relationship between night pain and the presence of a space-occupying lesion has been reported. Peiffer [20] reported that although night pain was frequently found there was no association between a particular pathology and night pain. However, in 17 of his 30 cases there were space-occupying lesions such as varicose veins, ganglia and synovitis. Menon [17] reported night pain in a case caused by a neurilemmoma. In our study six cases reported night pain. Among these the aetiology in two was hindfoot valgus due to pes planus, space-occupying lesions in two and idiopathic in two. Although the number of cases in our series was limited the association between night pain and particular aetiologies of TTS suggests that night pain is not related to foot posture. The volume of the tarsal tunnel changes with differing deformities of the hindfoot and hypermobility of the hindfoot may induce the syndrome because of local tethering of the nerve [1, 6, 13, 24, 29] . Heel varus and pronation of the forefoot are also aetiological factors [21] . Radin [21] reported that varus and inversion of the heel can cause TTS. Albrektsson [1] reported that eversion causes TTS. Trepman et al. [29] have shown in a cadaver study that the pressure within the tarsal tunnel increases with inversion or eversion of the foot and reported that both can cause posterior tibial nerve entrapment. They also noted that recovery may be expected with immobilisation in the neutral position, as in this position there is no increase in pressure within the tunnel. Lau [13] has shown that tethering of the nerve in cases with pes planus is an aetiological factor in TTS, and also that, in cadaver studies, stabilisation procedures such as triple arthrodesis and distraction calcaneocuboid arthrodesis are superior to decompression. Trepman [29] has shown that most cases of TTS formerly classified as idiopathic had tethering of the nerve due to the position of the hindfoot. In our series among the cases with structural problems of the hindfoot, three of which were pes planus (one also with a ganglion) and one with splayfoot, there were good results in two, a fair result in one and a poor result (with recurrence) in one. Surgical treatment is thus less satisfactory in these cases compared to other causes of TTS. There was one excellent, one good and one poor result in three idiopathic cases.
Few patients respond to conservative treatment. The incidence of a satisfactory outcome after surgical treatment varies between 44% and 95% [9, 15, 20, 27] . The importance of seeking a precise diagnosis has been stressed, and it has been suggested that conservative measures should be continued for some time in patients without a space-occupying lesion [20, 28] .
Factors that contribute to a poor prognosis are age, chronic symptomatology with motor involvement, epineural scarring of the nerve, inappropriate decompression, crush injury of the nerve and idiopathic cases [12, 20, 23, 25, 27] . Mann [16] found minimal or no recovery in 30% of cases treated surgically. Takakura et al. [27] indicated that the outcome after decompression was better where there was a space-occupying lesion and worse where the aetiology was idiopathic or post-traumatic. Nagaoka [18] reported 100% excellent and good results (21 excellent and eight good) in cases where decompression was performed for a ganglion. Sammarco et al. [24] reported that the outcome after surgery for TTS due to a muscle anomaly is not as good as in those cases where there is a space-occupying lesion.
While the results of surgical treatment are better in young patients and patients with tarsal coalition, the outcome is worse in females in the 40-50 age group [20] . In our group, with different aetiologies, the results were excellent in three feet, good in six, fair in two and poor in two. The results in post-traumatic cases are poor [3, 20, 27, 30] . Takakura et al. [27] and others have reported poorer results with increased duration of symptoms [5, 9, 27] . In chronic cases there may be axonal demyelination due to pressure or local ischaemia of the nerve. However, even in such cases surgery should be offered. Baba [3] reported poor results where symptoms had been present for more than 12 months.
Good results may be obtained where there is no trauma to the nerve or its environment. Turan et al. [30] re-255 ported 61% complete relief, 22% partial relief and 17% poor relief of symptoms after surgery. They noted poor results in patients with chronic symptoms or a history of trauma. They had, however, a good result in a patient with symptoms lasting for 12 years. In our series there were seven patients in whom the symptoms lasted for 12 months or more, and in these there was one excellent, four good, one fair and one poor result. Many factors affect the outcome. There was a good outcome in the case with pes planus and symptoms for 20 years, and a recurrence in a case of symptoms lasting for only 12 months. It is reported that the symptoms resolved in a shorter period in those cases with a shorter duration of symptoms and that recovery took up to 1 year in cases with chronic symptoms [3] . In our series we had two excellent, two good, one fair and one poor (the case with "double crush") results in six feet with symptoms lasting for 12 months or less. Treatment may start with a different diagnosis. Turan et al. [30] reported that six cases in their group had been treated with an initial diagnosis of plantar fasciitis. Iida et al. [8] reported that the nerve was trapped within the tendinous arc of soleus in a case in which there was a positive Tinel's sign. Smith [26] described a case with a diagnosis of TTS due to neurilemmoma of the tibial nerve in a patient who had previously undergone surgery for an interdigital neuroma. In our series six patients had been treated with a different diagnosis, three for tendonitis, two for a prolapsed disc and one for plantar fasciitis. There were two excellent and four good results after surgical treatment in these cases. It is reported that entrapment of the nerve elsewhere in the same extremity ("double crush") adversely affects the outcome [9] . In our series there was a poor result in a case with a ganglion and lumbar radiculopathy.
TTS is rare and may present in many different ways. Previously reported series contain many different aetiologies and it is not possible to identify prognostic factors. In our group the outcome after surgery depended on the duration of symptoms, the associated pathology, and the presence of structural foot problems or a spaceoccupying lesion.
